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[Title of Document] SPECIFICATION 

[Title of the Invention] DSRC Car-Mounted Equipment 

[Scope of Claim for a Patent] 

[Claim 1] A DSRC car-mounted equipment for 
communicating transmitting and receiving data with an 
on-the-road equipment comprising: 

a reception sensitivity-increasing means for 
increasing the reception sensitivity in a communication 
area with an on-the-road equipment in response to the 
entrance into a communication start area with the on- 
the-road equipment; wherein 

the reception sensitivity-increasing means returns 
the reception sensitivity back to the normal reception 
sensitivity of before entering into the communication 
start area in response to the end of communication with 
the on-the-road equipment. 

[Claim 2] The DSRC car-mounted equipment 
according to claim 1, wherein the reception sensitivity- 
increasing means includes: 

an electric field intensity detector for detecting 
the electric field intensity of a signal received from 
the on-the-road equipment; 

a comparator circuit that compares with the 
electric field intensity with a predetermined judging 
level and outputs an electric field intensity judgement 
signal when the electric field intensity is not smaller 
than the judging level; and 

a reception control unit for variably setting the 
judging level in response to the electric field 
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intensity judgement signal; and wherein 

the reception control unit changes the judging 
level into a highly sensitive judging level lower than 
the normal judging level in response to a first electric 
field intensity judgement signal corresponding to the 
entrance into the communication start area, and fetches 
the reception data in the signals received in the 
communication area . 

[Claim 3] A DSRC car-mounted equipment according 
to claim 1, wherein the reception sensitivity-increasing 
means includes: 

a reception amplifier for amplifying a signal 
received from the on-the-road equipment; 

an electric field intensity detector for producing 
an electric field intensity judgement signal upon 
detecting the electric field intensity of a signal 
through the reception amplifier; and 

a reception control unit for controlling the 
amplification factor of the reception amplifier in 
response to the electric field intensity judgement 
signal; and wherein 

the reception control unit changes the 
amplification factor of the reception amplifier into an 
amplification factor larger than the normal 
amplification factor in response to a first electric 
field intensity judgement signal corresponding to the 
entrance into the communication start area, and fetches 
the reception data in the signals received in the 
communication area . 
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[Claim 4] A DSRC car-mounted equipment according 
to claim 1, wherein the reception sensitivity-increasing 
means changes the judging level into a highly sensitive 
judging level lower than the normal judging level in 
response to at least a first or a subsequent 
communication signal received from the on-the-road 
equipment after the entrance into the communication 
start area. 

[Claim 5] A DSRC car-mounted equipment according 
to any one of claims 1 to 4, wherein the reception 
sensitivity-increasing means includes : 

a predetermined value-setting means for setting a 
first predetermined value corresponding to a low-speed 
running state of the vehicle and a second predetermined 
value corresponding to a high-speed running state of the 
vehicle; and 

a vehicle speed- j udging means for comparing the 
vehicle speed data with the first and second 
predetermined values; wherein 

when the vehicle speed data is smaller than the 
first predetermined value, the normal reception 
sensitivity is corrected toward the decreasing side; and 

when the vehicle speed data is larger than the 
second predetermined value, the normal reception 
sensitivity is corrected toward the increasing side. 

[Claim 6] The DSRC car-mounted equipment 
according to any one of claims 1 to 5, further 
comprising transmission output-increasing means for 
increasing the transmission output to the on-the-road 



3 



equipment in the communication area in response to the 
entrance into the communication start area, wherein the 
transmission output-increasing means returns the 
transmission output back to the normal transmission 
output of before entering into the communication start 
area in response to the end of communication with the 
on- the -road equipment 

[Claim 7] The DSRC car-mounted equipment 
according to claim 6, wherein the transmission output- 
increasing means includes: 

a transmission amplifier for amplifying a signal 
transmitted to the on-the-road equipment; and 

a transmission control unit for controlling the 
amplification factor of the transmission amplifier in 
response to a signal received from the on-the-road 
equipment ; wherein 

the transmission control unit changes the 
amplification factor of the transmission amplifier to an 
amplification factor larger than the normal 
amplification factor in response to at least a second or 
a subsequent communication signal received from the on- 
the-road equipment after the entrance into the 
communication start area. 

[Claim 8] The DSRC car-mounted equipment 
according to claim 1, further comprising: 

a local oscillator related to a reception mixer 
and a transmission modulator for transmission and 
reception to and from the on-the-road equipment; and 

a transmission output-increasing means for 
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increasing the transmission output to the on-the-roaci 
equipment in the communication area in response to the 
entrance into the communication start area; wherein 

the transmission output-increasing means returns 
the transmission output to the normal transmission 
output of before the entrance into the communication 
start area in response to the end of communication with 
the on-the-road equipment; 

the reception sensitivity-increasing means and the 
transmission output-increasing means are constituted by 
an amplifier for amplifying a signal output from the 
local oscillator and a control unit for controlling the 
amplification factor of the amplifier in response to a 
signal received from the on-the-road equipment; and 

the control unit changes the amplification factor 
of the amplifier into an amplification factor larger 
than the normal amplification factor in response to at 
least a second or a subsequent communication signal 
received from the on-the-road equipment after the 
entrance into the communication start area. 

[Claim 9] The DSRC car-mounted equipment 
according to any one of claims 1 to 8, further 
comprising : 

a car-mounted controller for processing data 
transmitted and received to and from the on-the-road 
equipment; and 

an external storage medium connected to the car- 
mounted controller for exchanging data related to the 
toll collection; wherein 
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the car-mounted controller exchanges data related 
to the toll collection between the on-the-road equipment 
installed on a toll road and the external storage medium, 
and automatically executes the toll collection 
processing based on the data related to the toll 
collection. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a DSRC (dedicated 
short-range communication) car-mounted equipment such as 
the one for collecting the toll used for an ETC 
(electronic toll collection) system in an ITS 
(intelligent transport system) . More particularly, the 
invention relates to a DSRC car-mounted equipment which 
prevents communication error after it has entered into 
the communication start area as a result of improving 
the reception sensitivity (and transmission output) 
during the communication with an on-the-road equipment. 

[0002] 

[Prior Art] 

There has heretofore been known a DSRC car-mounted 
equipment (hereinafter also referred to simply as "car- 
mounted equipment") for transmitting and receiving a 
variety of data through communication with an on-the- 
road equipment installed on a road on which a vehicle 
travels . 

[0003] 

In the DSRC car-mounted equipment 1 of this kind, 
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in general, the reception sensitivity has been set 
constant irrespective of whether it is within the 
communication area or not. Therefore, the electric 
field intensity of the electromagnetic waves received 
from the on-the-road equipment varies depending upon the 
distance (position in a direction in which the vehicle 
is traveling) as shown in Fig. 9. 
[0004] 

Fig. 9 is a diagram of characteristics 
illustrating intensities of the electric field received 
by the conventional DSRC car-mounted equipment, and 
shows a relationship between the electric field 
intensity for the distance from the antenna ANT of the 
on-the-road equipment and a predetermined level 
(threshold) TH corresponding to the reception 
sensitivity. Here, the antenna ANT of the on-the-road 
equipment is installed at a toll gate on a toll 
expressway . 

[0005] 

In Fig. 9, the abscissa represents the position 
(distance in the direction in which the vehicle is 
traveling) of the car-mounted equipment with respect to 
the antenna ANT of the on-the-road equipment, and the 
ordinate represents the intensity of electric field 
received by the car-mounted equipment. The receiving 
area is set within about 4 meters from the antenna ANT 
of the on-the-road equipment. 
[0006] 

Further, the communication start area set by the 
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predetermined level TH (reception sensitivity) may 
include, depending on the environmental conditions, 
areas A, B where the electric field intensity so drops 
that the communication cannot be accomplished due to 
side lobes in the output from the antenna ANT of the on- 
the-road equipment . 
[0007] 

As the vehicle approaches the on-the-road 
equipment, the communication is repeated a plural number 
of times between the on-the-road equipment and the car- 
mounted equipment as shown in Fig. 10. 

Fig. 10 is a diagram illustrating the state of 
communication between the on-the-road equipment and the 
car-mounted equipment. In Fig. 10, the on-the-road 
equipment is repetitively transmitting the communication 
signal 1 to the car-mounted equipment at all times. 

[0008] 

When the communication signal is received by the 
car-mounted equipment that has approached, the car- 
mounted equipment transmits a communication signal 2 to 
the on-the-road equipment. 

Then, in response to the communication signal 2, 
the on-the-road equipment transmits a communication 
signal. When there is no response (communication signal 
4) from the car-mounted equipment, however, the on-the- 
road equipment repetitively transmits the communication 
signal 3 (retrial transmission) until a response is 
received. 

[0009] 
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Here, the retrial communication operation by the 
on-the-road equipment is repeated about 100 to 200 times 
for every 2 milliseconds and, when there is quite no 
response from the car-mounted equipment, it is regarded 
that the communication is impossible (car-mounted 
equipment is not existing) and the communication ends. 

[0010] 

However, due to traffic jam or some trouble, the 
vehicle mounting the equipment that has entered into the 
communication start area where the electric field 
intensity is not smaller than the predetermined level TH, 
may stay long (or may move at a very low speed) in the 
areas A, B where the electric field intensity drops 
during the plural times of retrial communication (which 
is a period lasting for about 0.5 seconds). 

[0011] 

In this case, when the predetermined level TH of 
the car-mounted equipment remains constant as shown in 
Fig. 9, the communication signals 3 are not received 
from the on-the-road equipment, and the state where 
there is no response from the car-mounted equipment 
continues, spoiling the function of the car-mounted 
equipment . 

[0012] 

[Problems to be Solved by the Invention] 
According to the conventional DSRC car-mounted 
equipment as described above, the on-the-road equipment 
so judges that the communication is impossible when no 
communication signal 3 is received during the retrial 
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transmission executed plural times by the on-the-road 
equipment while the vehicle is staying or is traveling 
at a low speed in the areas A, B where the electric 
field intensity drops, arousing such a problem that the 
function of the car-mounted equipment is not effectively 
utilized . 

[0013] 

The present invention was accomplished in order to 
solve the above problem, and has an object of providing 
a DSRC car-mounted equipment capable of preventing a 
communication error after it has entered into the 
communication start area as a result of enhancing the 
reception sensitivity (and transmission output) during 
the communication with the on-the-road equipment. 

[0014] 

[Means for Solving Problem] 

The DSRC car-mounted equipment according to claim 
1 of the present invention comprises: a reception 
sensitivity-increasing means for increasing the 
reception sensitivity in a communication area relative 
to an on-the-road equipment in response to the entrance 
into a communication start area with the on-the-road 
equipment; wherein the reception sensitivity-increasing 
means returns the reception sensitivity back to the 
normal reception sensitivity of before entering into the 
communication start area in response to the end of 
communication with the on-the-road equipment. 

[0015] 

In the DSRC car-mounted equipment according to 
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claim 2 of the invention, in claim 1, the reception 
sensitivity-increasing means includes: an electric 
field intensity detector for detecting the electric 
field intensity of a signal received from the on-the- 
road equipment; a comparator circuit that compares the 
electric field intensity with a predetermined judging 
level and outputs an electric field intensity judgement 
signal when the electric field intensity is not smaller 
than the judging level; and a reception control unit for 
variably setting the judging level in response to the 
electric field intensity judgement signal; and wherein 
the reception control unit changes the judging level 
into a highly sensitive judging level lower than the 
normal judging level in response to a first electric 
field intensity judgement signal corresponding to the 
entrance into the communication start area, and fetches 
the reception data in the signals received in the 
communication area . 
[0016] 

In the DSRC car-mounted equipment according to 
claim 3 of the invention, in claim 1, the reception 
sensitivity-increasing means includes: a reception 

amplifier for amplifying a signal received from the on- 
the-road equipment; an electric field intensity detector 
for producing an electric field intensity judgement 
signal upon detecting the electric field intensity of a 
signal through the reception amplifier; and a reception 
control unit for controlling the amplification factor of 
the reception amplifier in response to the electric 
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field intensity judgement signal; wherein the reception 
control unit changes the amplification factor of the 
reception amplifier into an amplification factor larger 
than a normal amplification factor in response to a 
first electric field intensity judgement signal 
corresponding to the entrance into the communication 
start area, and fetches the reception data in the 
signals received in the communication area. 
[0017] 

In the DSRC car-mounted equipment according to 
claim 4 of the invention, in claim 1, the reception 
sensitivity-increasing means changes the judging level 
into a highly sensitive judging level lower than a 
normal judging level in response to at least a first or 
a subsequent communication signal received from the on- 
the-road equipment after the entrance into the 
communication start area. 

[0018] 

The DSRC car-mounted equipment according to claim 
5 of the invention, in any one of claims 1 to 4, further 
comprises a vehicle speed control unit for producing a 
vehicle speed data of the vehicle, wherein the reception 
sensitivity-increasing means includes: a predetermined 
value-setting means for setting a first predetermined 
value corresponding to a low-speed running state of the 
vehicle and a second predetermined value corresponding 
to a high-speed running state of the vehicle; and a 
vehicle speed- j udging means for comparing the vehicle 
speed data with the first and second predetermined 
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values; wherein when the vehicle speed data is smaller 
than the first predetermined value, the normal reception 
sensitivity is corrected toward the decreasing side; and 
when the vehicle speed data is larger than the second 
predetermined value, the normal reception sensitivity is 
corrected toward the increasing side. 
[0019] 

The DSRC car-mounted equipment according to claim 
6 of the invention, in any one of claims 1 to 5, further 
comprises transmission output-increasing means for 
increasing the transmission output to the on-the-road 
equipment in the communication area in response to the 
entrance into the communication start area, wherein the 
transmission output-increasing means returns the 
transmission output back to the normal transmission 
output of before entering into the communication start 
area in response to the end of communication with the 
on-the-road equipment . 

[0020] 

In the DSRC car-mounted equipment according to 
claim 7 of the invention, in claim 6, the transmission 
output-increasing means includes: a transmission 

amplifier for amplifying a signal transmitted to the on- 
the-road equipment; and a transmission control unit for 
controlling the amplification factor of the transmission 
amplifier in response to a signal received from the on- 
the-road equipment; wherein the transmission control 
unit changes the amplification factor of the 
transmission amplifier to an amplification factor larger 
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than the normal amplification factor in response to at 
least a second or a subsequent communication signal 
received from the on-the-road equipment after the 
entrance into the communication start area. 
[0021] 

The DSRC car-mounted equipment according to claim 
8 of the invention, in claim 1, further comprises: a 
local oscillator related to a reception mixer and a 
transmission modulator for transmission and reception to 
and from the on-the-road equipment; and a transmission 
output-increasing means for increasing the transmission 
output to the on-the-road equipment in the communication 
area in response to the entrance into the communication 
start area; wherein the transmission output-increasing 
means returns the transmission output to the normal 
transmission output of before the entrance into the 
communication start area in response to the end of 
communication with the on-the-road equipment; the 
reception sensitivity-increasing means and the 
transmission output-increasing means are constituted by 
an amplifier for amplifying a signal output from the 
local oscillator and a control unit for controlling the 
amplification factor of the amplifier in response to a 
signal received from the on-the-road equipment; and the 
control unit changes the amplification factor of the 
amplifier into an amplification factor larger than the 
normal amplification factor in response to at least a 
second or a subsequent communication signal received 
from the on-the-road equipment after the entrance into 
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the communication start area. 
[0022] 

The DSRC car-mounted equipment according to claim 
9 of the present invention, in any one of claims 1 to 8, 
further comprises: a car-mounted controller for 
processing data transmitted and received to and from the 
on-the-road equipment; and an external storage medium 
connected to the car-mounted controller for exchanging 
data related to the toll collection; wherein the car- 
mounted controller exchanges data related to the toll 
collection between the on-the-road equipment installed 
on a toll road and the external storage medium, and 
automatically executes the toll collection processing 
based on the data related to the toll collection. 

[0023] 

[Modes for Carrying Out the Invention] 
Embodiment 1 . 

An embodiment 1 of the invention will now be 
described with reference to the drawings. 

Figs. 1 to 3 are diagrams for illustrating the 
embodiment 1 of the invention, wherein Fig. 1 is a block 
diagram schematically illustrating the whole 
constitution, Fig. 2 is a diagram of characteristics 
showing the electric field intensity of the received 
signals, and Fig. 3 is a diagram illustrating the state 
of communication with an on-the-road equipment. 

[0024] 

Figs. 2 and 3 are corresponding to Figs. 9 and 10 
described earlier . 
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In this case, too, the data communication for 
automatically collecting the toll is executed with 
respect to the on-the-road equipment installed on the 
toll road by using an ETC car-mounted equipment as the 
DSRC car-mounted equipment. 

[0025] 

In Fig. 1, the DSRC car-mounted equipment is 
constituted by a reception/transmission unit, i.e., a 
reception unit 10 and a transmission unit 20, a local 
oscillator 30 related to the reception/transmission unit 
10, 20, a car-mounted controller 40 for controlling the 
reception/transmission unit 10, 20, a display unit 50 
connected to the car-mounted controller 40, an external 
interface 60 and an external storage medium 70. 

[0026] 

The car-mounted controller 40 includes various 
arithmetic processing means, a reception control unit 
and a transmission control unit, fetches the data Dl 
received from an on-the-road equipment (not shown) via 
the reception unit 10, and transmits data D2 to the on- 
the-road equipment via the transmission unit 20. 

[0027] 

The display unit 50 displays ETC data for 
collecting the toll in the case of the ETC car-mounted 
equipment, and the external interface 60 connects the 
car-mounted controller 40 to various external units. 
The external storage medium 70 may be an IC card, and 
exchanges data related to the toll collection through 
the car-mounted controller 40. 
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[0028] 

The reception unit 10 for sending the received 
data Dl to the car-mounted controller 40 is constituted 
by a reception antenna 11, a reception amplifier 12, a 
reception mixer, an electric field intensity detector, a 
comparator circuit 15, a data demodulator 16 and an AND 
circuit 17. 

[0029] 

The transmission unit 20 for sending the 
transmission data D2 from the car-mounted controller 40 
is constituted by a low-pass filter 21, a transmission 
modulator 22, a transmission amplifier 23 and a 
transmission antenna 24. 

[0030] 

In the reception unit 10, the reception antenna 11 
receives a signal transmitted from the antenna ANT of 
the on-the-road equipment, and the reception amplifier 
12 amplifies a signal received from the on-the-road 
equipment via the reception antenna 11. 

[0031] 

The reception mixer 13 mixes the signals received 
through the reception amplifier 12 with the frequency 
from the local oscillator 30. 

The electric field intensity detector 14 detects 
the electric field intensity of the signal received 
through the reception mixer 13. 

[0032] 

The comparator circuit 15 compares the electric 
field intensity detected by the electric field intensity 
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detector 14 with a judging level LE, and outputs an 
electric field intensity judgement signal HE when the 
electric field intensity is larger than the judging 
level LE. 

[0033] 

The data demodulator 16 demodulates the received 
data Dl from the signal received through the reception 
mixer 13. 

The AND circuit 17 constitutes a gate circuit for 
the received data Dl, and selectively permits the 
received data Dl to pass through in response to the 
electric field intensity judgement signal HE so as to be 
input to the car-mounted controller 40. 

[0034] 

The electric field intensity detector 14, 
comparator circuit 15 and AND circuit 17 are 
constituting a reception sensitivity-increasing means 
together with the reception control unit in the car- 
mounted controller 40, and increases the reception 
sensitivity in the communication area with the on-the- 
road equipment as the DSRC car-mounted equipment enters 
into the communication start area with the on-the-road 
equipment . 

[0035] 

That is, in response to a first electric field 
intensity judgement signal HE corresponding to the 
entrance into the communication start area, the 
reception control unit in the car-mounted controller 40 
changes the judging level LE to a highly sensitive 
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judging level LE2 lower than the normal judging level 
LEI, and fetches the reception data Dl in the signal 
received in the communication area. 
[0036] 

Thus, the car-mounted controller 40 processes the 
data transmitted and received to and from the on-the- 
road equipment, exchanges the data related to the toll 
collection between the on-the-road equipment and the 
external storage medium 70, and automatically executes 
the toll collection processing based upon these data. 

[0037] 

Further, in response to the end of communication 
with the on-the-road equipment, the reception control 
unit in the car-mounted controller 40 returns the 
reception sensitivity to the normal reception 
sensitivity of before the entrance to the communication 
start area. 

[0038] 

In the transmission unit 20, the low-pass filter 
21 permits the transmission data D2 from the 
transmission control unit in the car-mounted controller 
40 to pass through and to be input to the transmission 
modulator 22. 

[0039] 

The transmission modulator 22 effects the 
modulation by using the transmission data D2 and the 
output frequency of the local oscillator. The 
transmission amplifier 23 amplifies the modulated 
transmission data D2 to form a communication signal 2 
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for response (see Fig. 3), and the transmission antenna 
24 transmits the transmission signal 2 toward the on- 
the-road equipment . 
[0040] 

Next, the operation of the embodiment 1 of the 
invention shown in Fig. 1 will be concretely described 
with reference to Fig. 2 (diagram of characteristics 
showing changes in the electric field intensity) and Fig. 
3 (diagram illustrating the communication operation) . 

[0041] 

In Fig. 2, the judging level LE for setting the 
reception sensitivity includes a normal judging level 
LEI larger than the above-mentioned predetermined level 
TH (see Fig. 9) and a highly sensitive judging level LE2 
smaller than the predetermined level TH. 

[0042] 

First, when the communication signal 1 is received 
from the on-the-road equipment through the reception 
antenna 11, the received signal is amplified through the 
reception amplifier 12, is input to the reception mixer 
13, and is down-converted by the output frequency of the 
local oscillator 30. 

[0043] 

The received signal is then demodulated for data 
through the data demodulator 16, and is measured for its 
electric field intensity by the electric field intensity 
detector 14 . 

The electric field intensity of the received 
signal is compared by the comparator circuit 15 with the 
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reception signal judging level LE output from the car- 
mounted controller 40. 
[0044] 

The comparator circuit 15 judges whether the 
electric field intensity is larger than the judging 
level LE. When the electric field intensity is larger 
than the judging level LE, the electric field intensity 
judgment signal HE (on level) is input to the car- 
mounted controller 40 and to the AND circuit 17. 

[0045] 

On the other hand, the data demodulated from the 
data demodulator 16 is input to the other input terminal 
of the AND circuit 17. Accordingly, the received data 
Dl is input to the car-mounted controller 40 only when 
the electric field intensity is greater than the 
predetermined reception sensitivity level determined by 
the judging level LE. 

[0046] 

When the first electric field intensity judgement 
signal HE and the reception data Dl of the communication 
signal 1 are input, the car-mounted controller 40 
recognizes that the car-mounted equipment has entered 
into the communication start area and processes the 
communication signal 1 (see Fig. 3). 

[0047] 

Next, the car-mounted controller 40 outputs a 
transmission data D2 which is a communication signal 2. 

The transmission data D2 is cut for its high- 
frequency components through the low-pass filter 21, 
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modulated through the transmission modulator 22 by the 
electric power of a frequency of the local oscillator 30, 
and is transmitted as the communication signal 2 to the 
on-the-road equipment through the transmission amplifier 
23 and the transmission antenna 24. 
[0048] 

Thereafter, the communication signals 3 to N are 
transmitted plural times (N times) between the on-the- 
road equipment and the car-mounted equipment according 
to a communication protocol for toll reception, and the 
communication of toll collection is completed. 

In this case, in order to enhance the reception 
sensitivity at least after the processing of the 
communication signal 1, the car-mounted controller 40 
produces a highly sensitive judging level LE2 that is 
lower than the normal judging level LEI. 

[0049] 

That is, prior to starting the communication with 
the on-the-road equipment as shown in Fig. 2, the 
judging level LE is set to the normal judging level LEI 
in order to set a low reception sensitivity. After the 
reception of at least the communication signal 1, the 
judging level LE is changed to the -highly sensitive 
judging level LE2 in order to set a high reception 
sensitivity . 

[0050] 

At the start of the reception, therefore, the 
reception sensitivity is set with the relatively high 
normal judging level LEI, whereby the position of the 
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vehicle that is judged to have entered into the 
communication start area is closer to the antenna ANT of 
the on-the-road equipment than the conventional vehicle 
position (see broken line) . Therefore, a sufficiently 
high electric field intensity is obtained at a moment 
when it is judged that the vehicle has entered into the 
communication start area. 
[0051] 

Thereafter, the reception sensitivity is enhanced 
being changed into the highly sensitive judging level 
LE2 which is lower than the normal judging level LEI. 
Therefore, the electric field intensity of not lower 
than the judging level LE is obtained even when the 
vehicle stops (or runs at a very low speed) in the 
communication-impossible area A or B. 

[0052] 

Accordingly, the comparator circuit 15 produces 
the electric field intensity judgement signal HE 
enabling the received data Dl and the transmitted data 
D2 to be exchanged. 

Thereafter, the judging level LE returns again 
back to the normal judging level LEI at a moment when 
the communication of toll collection has completed, and 
becomes ready to cope with the next approach to the 
antenna ANT of the on-the-road equipment. 

[0053] 

Thus, after the car-mounted equipment has entered 
the communication start area with the on-the-road 
equipment, the communication is executed at least one 
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time. Thereafter, the reception sensitivity of the car- 
mounted equipment is enhanced in the communication area 
and after the end of the communication, the reception 
sensitivity is returned back to the reception 
sensitivity of before the entrance into the 
communication start area, suppressing the occurrence of 
reception-impossible state in the areas A, B where the 
electric field intensity drops being caused by side 
lobes of the on-the-road equipment. 
[0054] 

Irrespective of whether the vehicle is halting or 
running, therefore, the data related to the toll 
collection can be reliably exchanged between the 
equipment mounted on the car traveling on a toll road 
and the on-the-road equipment at the toll gate, making 
it possible to collect the toll based on the 
communication data . 

[0055] 

The embodiment 1 has dealt with the case where the 
DSRC car-mounted equipment was used as the ETC car- 
mounted equipment, the antenna unit 1 and the equipment 
body 2 were mounted on the vehicle traveling on a toll 
road, and the data related to the toll collection was 
exchanged relative to the on-the-road equipment to 
automatically collect the toll. However, the same 
actions and effects can be exhibited even when the 
invention is adapted to other DSRC car-mounted equipment. 

[0056] 

In the above-mentioned embodiment 1, further, the 
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reception sensitivity of the car-mounted equipment was 
enhanced immediately after the entrance into the 
communication start area (after the first reception of 
signal) . However, the reception sensitivity may be 
enhanced by changing the judging level LE to the highly 
sensitive judging level LE2 after the reception of at 
least a first communication signal or a subsequent 
communication signal from the on-the-road equipment. 
[0057] 

The received data Dl was sent to the car-mounted 
controller 40 through the AND circuit 17. However, the 
AND circuit 17 may be omitted when the car-mounted 
controller 40 is capable of judging the reception of the 
received data Dl in response to the electric field 
intensity judgement signal HE. 

[0058] 
Embodiment 2 . 

In the above-mentioned embodiment 1, the 
comparator circuit 15 was provided as the reception 
sensitivity-increasing means for determining the 
reception electric field intensity, and the judging 
level LE of the comparator circuit 15 was variably set. 
However, the amplification factor of the reception 
amplifier 12 may be variably set, instead, 

[0059] 

Fig. 4 is a block diagram schematically 
illustrating the constitution of an embodiment 2 of the 
present invention in which the amplification factor of 
the reception amplifier 12A is variably set, and wherein 
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the portions similar to those described above (see Fig. 
1) are denoted by the same reference numerals, and the 
portions corresponding to those described above are 
denoted by the same reference numerals but to which are 
attached "A" but are not described again in detail. 
[0060] 

In this case, the amplification factor (gain) of 
the reception amplifier 12A is variably set by a 
reception amplification factor-adjusting signal CI from 
the car-mounted controller 40A. 

The above-mentioned comparator circuit 15 and the 
AND circuit 17 are omitted, and the electric field 
intensity detector 14A directly inputs the electric 
field intensity judgement signal HE to the car-mounted 
controller 40A. 

[0061] 

The car-mounted controller 40A directly fetches 
the electric field intensity judgement signal HE from 
the electric field intensity detector 14A and the data 
Dl received from the data demodulator 16. 

In response to the electric field intensity 
judgement signal HE, the reception control unit in the 
car-mounted controller 40A forms the reception 
amplification factor-adjusting signal CI to control the 
amplification factor of the reception amplifier 12A. 

[0062] 

That is, the reception control unit in the car- 
mounted controller 40A constitutes the reception 
sensitivity-increasing means together with the reception 
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amplifier 12A and the electric field intensity detector 
14A, changes the amplification factor of the reception 
amplifier 12A to an amplification factor larger than the 
normal amplification factor in response to the first 
electric field intensity judgement signal HE 
corresponding to the entrance into the communication 
start area, and fetches the reception data Dl in the 
signal received in the communication area. 
[0063] 

In Fig, 4, the reception control unit increases 
the amplification factor of the reception amplifier 12A 
by the reception amplification factor-adjusting signal 
CI after the processing of at least the communication 
signal 1 (see Fig. 3) . 

Then, the reception sensitivity of the reception 
unit 10A is substantially shifted from the normal 
judging level LEI (see Fig. 2) to the highly sensitive 
judging level LE2 to exhibit the actions and effects 
same as those described above. 

[0064] 

Here, though the reception amplifier 12A was 
arranged in a stage preceding the reception mixer 13, 
the amplifier (not shown) may be varied when the 
amplifier is arranged in a stage (after the down- 
conversion) succeeding the reception mixer 13. 

[0065] 

Further, though the amplification of the reception 
amplifier 12A was variably set in two steps, it is 
allowable to variably set the amplification factor in 
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plural steps. 

When an attenuator (not shown) exists in the 
reception unit 10A, the attenuation factor of the 
attenuator may be variably set to variably set the level 
of reception sensitivity as described above. 

[0066] 
Embodiment 3 . 

Though the above-mentioned embodiments 1 and 2 
were provided with the reception sensitivity-increasing 
means only, it is further allowable to provide a 
transmission output-increasing means to variably set the 
amplification factor of the transmission amplifier 23. 

[0067] 

Fig. 5 is a block diagram illustrating an 
embodiment 3 of the invention to which the transmission 
output-increasing means is added, and wherein the 
portions similar to those described above (see Fig. 1) 
are denoted by the same reference numerals, and the 
portions corresponding to those described above are 
denoted by the same reference numerals but to which are 
attached "B" but are not described again in detail. 

[0068] 

In this case, the amplification factor (gain) of 
the transmission amplifier 12B is variably set by a 
transmission amplification factor-adjusting signal C2 
from the car-mounted controller 40B. 

The transmission control unit in the car-mounted 
controller 40B forms a transmission amplification- 
adjusting signal C2 in response to at least the second 
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or subsequent communication signal and the electric 
field intensity- judgement signal. HE received from the 
on-the-road equipment to control the amplification 
factor of the transmission amplifier 23B. 
[0069] 

That is, the transmission control unit in the car- 
mounted controller 40B constitutes the transmission 
output-increasing means together with the transmission 
amplifier 23B, and increases the transmission output to 
the on-the-road equipment in the communication area in 
response to the entrance into the communication start 
area . 

[0070] 

In Fig. 5, the transmission control unit in the 
car-mounted controller 40B outputs the transmission 
amplification factor-adjusting signal C2 in response to 
at least the second or subsequent communication signal 
received after having entered into the communication 
start area, and changes the amplification factor of the 
transmission amplifier 23B to an amplification factor 
larger than the normal amplification factor after the 
transmission of at least the communication signal 2 (see 
Fig. 3) . 

[0071] 

In the areas A, B (see Fig. 2) where the electric 
field intensity of the electromagnetic waves output from 
the antenna ANT of the on-the-road equipment drops, in 
general, it becomes difficult to receive the 
communication signal 4 from the car-mounted equipment 
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even on the side of the on-the-road equipment. To 
prevent this, therefore, it is desired to enhance the 
transmission output of the car-mounted equipment after 
the communication signal 3 (or a subsequent 
communication signal) is received. 
[0072] 

Referring to Fig. 5, therefore, an electric field 
is maintained that is necessary for the communication 
between the on-the-road equipment and the car-mounted 
equipment in the communication area, the reception 
sensitivity is enhanced in the communication area, and 
the transmission output is increased by increasing the 
amplification factor of the transmission amplifier 23B 
thereby to reliably prevent communication error. 

[0073] 

After the end of communication, further, they are 
returned back to the normal reception sensitivity and 
the normal transmission output of before entering into 
the communication area in response to an end of 
communication with the on-the-road equipment. 

When an attenuator (not shown) exists in the 
transmission unit 20B, the attenuation factor of the 
attenuator may be variably set to variably set the 
transmission output . 

[0074] 
Embodiment 4 . 

The above embodiment 3 has employed the reception 
unit having the comparator circuit 15. As shown in Fig. 
6, however, there may be employed the reception unit 10A 
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having a reception amplifier 12A. 
[0075] 

In this case, the circuit operations of the 
reception unit 10A and of the transmission unit 20B are 
as described above in the embodiment 2, exhibiting the 
same actions and effects. 

[0076] 
Embodiment 5 . 

In the above embodiment 3 (see Fig. 4), the 
reception unit 10 and the transmission unit 20B were 
provided with the reception sensitivity-increasing means 
and the transmission output-increasing means in order to 
increase the reception sensitivity and the transmission 
output. It is, however, also allowable to 

simultaneously increase the reception sensitivity and 
the transmission output by variably setting the 
amplification factor for the output signals of the local 
oscillator 30. 

[0077] 

Fig. 7 is a block diagram illustrating an 
embodiment 5 of the invention in which the amplification 
factor is variably set for the output signals of the 
local oscillator 30, and wherein the portions similar to 
those described above (see Figs. 1 to 4) are denoted by 
the same reference numerals, and the portions 
corresponding to those described above are denoted by 
the same reference numerals but to which are attached 
"D" but are not described again in detail. 

[0078] 



31 



In Fig. 7, an amplifier 31 is inserted on the 
output side of the local oscillator .. 30, and its 
amplification factor (gain) is variably set by an 
amplification factor-adjusting signal C3 from the car- 
mounted controller 40D. 

In this case, the separate reception sensitivity- 
increasing means and the transmission output-increasing 
means are provided for neither the reception unit 10D 
nor the transmission unit 20. 

[0079] 

The car-mounted controller 40D includes a control 
unit that controls the amplification factor of the 
amplifier 31 in response to the electric field 
intensity- judgement signal HE. 

That is, the control unit changes the 
amplification factor (gain) of the amplifier 31 to an 
amplification factor higher than the normal 
amplification factor in response to at least the second 
or a subsequent communication signal received from the 
on-the-road equipment after the entrance into the 
communication start area. 

[0080] 

The amplifier 31 for amplifying the output signal 
of the local oscillator 30, the electric field intensity 
detector 14A and the control unit in the car-mounted 
controller 40D are constituting the reception 
sensitivity-increasing means and the transmission 
output-increasing means . 

[0081] 
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In response to the end of communication with the 
on-the-road equipment, the control unit in the car- 
mounted controller 40D returns the reception sensitivity 
and the transmission output back to the normal reception 
sensitivity and the normal transmission output of before 
the entrance into the communication start area. 

[0082] 

This makes it possible to enhance the reception 
sensitivity level and the transmission output at the 
time of entrance into the communication start area to 
obtain the same actions and effects as those described 
above . 

When there is an attenuator (not shown) in a stage 
succeeding the local oscillator 30, the attenuation 
factor of the attenuator may be variably set. 

[0083] 
Embodiment 6. 

In the above-mentioned embodiments 1 to 5, 
consideration was given to the vehicle speed data only. 
In fact, however, the communication-impossible regions 
due to the areas A, B where the electric field intensity 
drops are closely related to the vehicle speed. 
Therefore, the normal judging level LEI (normal 
reception sensitivity) may be variably set depending 
upon the vehicle speed data. 

[0084] 

Fig. 8 is a block diagram illustrating an 
embodiment 6 of the invention in which the amplification 
factor of the amplifier 31 is variably set depending 
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upon the vehicle speed data Vr, and wherein the same 
portions as those described above (see Fig. 7) are 
denoted by the same reference numerals but are not 
described again in detail. 
[0085] ■ 

In Fig. 8, a vehicle speed control unit 80 that 
produces data Vr related to the speed of the vehicle is 
connected to the car-mounted controller 40E. Further, 
an amplification factor-adjusting signal C4 that differs 
depending upon the vehicle speed data Vr is output to 
the car-mounted controller 40E. 

[0086] 

The car-mounted controller 4 0E that constitutes 
the reception sensitivity-increasing means in relation 
to the amplifier 31, includes a predetermined value- 
setting means for setting a first predetermined value 
corresponding to a low-speed running stage of the 
vehicle and a second predetermined value corresponding 
to a high-speed running state of the vehicle, and a 
vehicle speed- judging means for comparing the vehicle 
speed data with the first and second predetermined 
values . 

[0087] 

That is, the vehicle speed- j udging means in the 
car-mounted controller 40 compares the vehicle speed 
data Vr with the first predetermined value and with the 
second predetermined value (larger than the first 
predetermined value) , corrects the normal reception 
sensitivity and the normal transmission output of when 
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entering into the communication start area toward the 
decreasing side when the vehicle speed data Vr is 
smaller (low speed) than the first predetermined value, 
and corrects the normal reception sensitivity and the 
normal transmission output toward the increasing side 
when the vehicle speed data is larger (high speed) than 
the second predetermined value. 
[0088] 

During the low-speed operation of from about 5 km 
to about 15 km an hour, in general, the vehicle may stay 
long (0.5 seconds or longer) in the areas A, B where the 
electric field intensity drops and may results in a 
communication-impossible state. It is therefore desired 
to set the initial normal reception sensitivity to be as 
low as possible and to greatly increase the reception 
sensitivity after the entrance into the communication 
start area. 

[0089] 

When running at a high speed which is not lower 
than 15 km an hour, on the other hand, the vehicle does 
not stay long in the areas A, B where the electric field 
intensity drops, and the communication-impossible state 
may rarely result. In this case, therefore, the initial 
normal reception sensitivity may be set to be relatively 
high and may be slightly increased after the entrance 
into the communication start area. 

[0090] 

As shown in Fig. 8, therefore, increments in the 
reception sensitivity and in the transmission output are 
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variably set depending upon the vehicle speed data Vr, 
thereby to set an optimum reception sensitivity and 
transmission sensitivity depending upon the vehicle 
speed . 

[0091] 

Here, the amplification factor of the amplifier 31 
on the output side of the local oscillator 30 was 
variably set by the amplification factor-adjusting 
signal C4 . It is, however, also allowable to variably 
set the amplification factors of the amplifiers in the 
reception unit and in the transmission unit. 

[0092] 

As shown in Fig. 1, further, the judging level LE 
of the comparator circuit 15 may be variably set, or the 
reception sensitivity only may be increased. 

In the above-mentioned embodiments 1 to 6, it 
needs not be pointed out that the reception sensitivity 
and the transmission output are varied within ranges 
specified under the Wireless Telegraphy Act. 

[0093] 

[Effects of the Invention] 

As described in the foregoing, according to claim 
1 of the present invention, since the DSRC car-mounted 
equipment comprises: a reception sensitivity-increasing 
means for increasing the reception sensitivity in a 
communication area relative to an on-the-road equipment 
in response to the entrance into a communication start 
area with the on-the-road equipment; wherein the 
reception sensitivity-increasing means returns the 
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reception sensitivity back to the normal reception 
sensitivity of before entering into the communication 
start area in response to the end of communication with 
the on-the-road equipment, the communication error after 
starting communication can be prevented. 
[0094] 

Also, according to claim 2 of the present 
invention, in claim 1, since the reception sensitivity- 
increasing means includes: an electric field intensity 
detector for detecting the electric field intensity of a 
signal received from the on-the-road equipment; a 
comparator circuit that compares the electric field 
intensity with a predetermined judging level and outputs 
an electric field intensity judgement signal when the 
electric field intensity is not smaller than the judging 
level; and a reception control unit for variably setting 
the judging level in response to the electric field 
intensity judgement signal; and wherein the reception 
control unit changes the judging level into a highly 
sensitive judging level lower than the normal judging 
level in response to a first electric field intensity 
judgement signal corresponding to the entrance into the 
communication start area, and fetches the reception data 
in the signals received in the communication area, the 
communication error after starting communication can be 
prevented. 

[0095] 

Also, according to claim 3 of the present 
invention, in claim 1, since the reception sensitivity- 
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increasing means includes: a reception amplifier for 
amplifying a signal received from the on-the-road 
equipment; an electric field intensity detector for 
producing an electric field intensity judgement signal 
upon detecting the electric field intensity of a signal 
through the reception amplifier; and a reception control 
unit for controlling the amplification factor of the 
reception amplifier in response to the electric field 
intensity judgement signal; wherein the reception 
control unit changes the amplification factor of the 
reception amplifier into an amplification factor larger 
than a normal amplification factor in response to a 
first electric field intensity judgement signal 
corresponding to the entrance into the communication 
start area, and fetches the reception data in the 
signals received in the communication area, the 
communication error after starting communication can be 
prevented . 

[0096] 

Also, according to claim 4 of the present 
invention, in claim 1, since the reception sensitivity- 
increasing means changes the judging level into a highly 
sensitive judging level lower than a normal judging 
level in response to at least a first or a subsequent 
communication signal received from the on-the-road 
equipment after the entrance into the communication 
start area, the communication error after starting 
communication can be prevented. 

[0097] 
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Also, according to claim 5 of the present 
invention, in any one of claims 1 to 4, since the DSRC 
car-mounted equipment further comprises a vehicle speed 
control unit for producing a vehicle speed data of the 
vehicle, wherein the reception sensitivity-increasing 
means includes: a predetermined value-setting means for 
setting a first predetermined value corresponding to a 
low-speed running state of the vehicle and a second 
predetermined value corresponding to a high-speed 
running state of the vehicle; and a vehicle speed- 
judging means for comparing the vehicle speed data with 
the first and second predetermined values; wherein when 
the vehicle speed data is smaller than the first 
predetermined value, the normal reception sensitivity is 
corrected toward the decreasing side; and when the 
vehicle speed data is larger than the second 
predetermined value, the normal reception sensitivity is 
corrected toward the increasing side, the communication 
error after starting communication can be prevented. 

[0098] 

Also, according to claim 6 of the present 
invention, in any one of claims 1 to 5, since the DSRC 
car-mounted equipment further comprises transmission 
output-increasing means for increasing the transmission 
output to the on-the-road equipment in the communication 
area in response to the entrance into the communication 
start area, wherein the transmission output-increasing 
means returns the transmission output back to the normal 
transmission output of before entering into the 
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communication start area in response to the end of 
communication with the on-the-road equipment, the 
communication error after starting communication can be 
prevented. 

[0099] 

Also, according to claim 7 of the present 
invention, in claim 6, since the transmission output- 
increasing means includes: a transmission amplifier for 
amplifying a signal transmitted to the on-the-road 
equipment; and a transmission control unit for 
controlling the amplification factor of the transmission 
amplifier in response to a signal received from the on- 
the-road equipment; wherein the transmission control 
unit changes the amplification factor of the 
transmission amplifier to an amplification factor larger 
than the normal amplification factor in response to at 
least a second or a subsequent communication signal 
received from the on-the-road equipment after the 
entrance into the communication start area, the 
communication error after starting communication can be 
prevented . 

[0100] 

Also, according to claim 8 of the present 
invention, in claim 1, since the DSRC car-mounted 
equipment further comprises: a local oscillator related 
to a reception mixer and a transmission modulator for 
transmission and reception to and from the on-the-road 
equipment; and a transmission output-increasing means 
for increasing the transmission output to the on-the- 
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road equipment in the communication area in response to 
the entrance into the communication start area; wherein 
the transmission output-increasing means returns the 
transmission output to the normal transmission output of 
before the entrance into the communication start area in 
response to the end of communication with the on-the- 
road equipment; the reception sensitivity-increasing 
means and the transmission output-increasing means are 
constituted by an amplifier for amplifying a signal 
output from the local oscillator and a control unit for 
controlling the amplification factor of the amplifier in 
response to a signal received from the on-the-road 
equipment; and the control unit changes the 
amplification factor of the amplifier into an 
amplification factor larger than the normal 
amplification factor in response to at least a second or 
a subsequent communication signal received from the on- 
the-road equipment after the entrance into the 
communication start area, the communication error after 
starting communication can be prevented. 
[0101] 

Also, according to claim 8 of the present 
invention, in any one of claims 1 to 8, since the DSRC 
car-mounted equipment further comprises: a car-mounted 
controller for processing data transmitted and received 
to and from the on-the-road equipment; and an external 
storage medium connected to the car-mounted controller 
for exchanging data related to the toll collection; 
wherein the car-mounted controller exchanges data 
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related to the toll collection between the on-the-road 
equipment installed on a toll road and the external 
storage medium, and automatically executes the toll 
collection processing based on the data related to the 
toll collection, the communication error after starting 
communication can be prevented. 

[Brief Description of Drawings] 

[Fig. 1] Fig. 1 is a block diagram 

schematically illustrating the constitution of an 
embodiment 1 of the present invention. 

[Fig. 2] Fig. 2 is a diagram of characteristics 

showing the electric field intensity of the received 
signals according to the embodiment 1 of the invention. 

[Fig. 3] Fig. 3 is a diagram illustrating the 

state of communication with an on-the-road equipment 
according to the embodiment 1 of the invention. 

[Fig. 4] Fig. 4 is a block .diagram 

schematically illustrating the constitution according to 
an embodiment 2 of the present invention. 

[Fig. 5] Fig. 5 is a block diagram 

schematically illustrating the constitution according to 
an embodiment 3 of the present invention. 

[Fig. 6] Fig. 6 is a block diagram 

schematically illustrating the constitution according to 
an embodiment 4 of the present invention. 

[Fig. 7] Fig. 7 is a block diagram 

schematically illustrating the constitution according to 
an embodiment 5 of the present invention. 

[Fig. 8] Fig. 8 is a block diagram 
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schematically illustrating the constitution according to 
an embodiment 6 of the present invention. 

[Fig. 9] Fig. 9 is a diagram of characteristics 

showing the intensity of an electric field received by a 
conventional DSRC car-mounted equipment. 

[Fig. 10] Fig. 10 is a diagram illustrating the 
state of communication between the on-the-road equipment 
and the car-mounted equipment using the conventional 
DSRC car-mounted equipment . 

[Description of Reference Numerals] 

ANT transmission antenna, 1-N communication 
signals, 10, 10A, 10D reception unit, 11 reception 
antenna, 12A reception amplifier, 13 reception mixer, 14, 
14A electric field intensity detector, 15 comparator 
circuit, 23B transmission amplifier, 30 local oscillator, 
31 amplifier, 40, 40A-40E car-mounted controller, 70 
external storage medium, 80 vehicle speed control unit, 
CI reception amplification factor-adjusting signal, C2 
transmission amplification factor-adjusting signal, C3, 
C4 amplification factor-adjusting signal, LE judging 
level, LEI normal judging level, LE2 highly sensitive 
judging level, HE electric field intensity judgement 
signal, Vr vehicle speed data. 
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[Title of Document] Abstract 
[Abstract] 

[Problem] A DSRC car-mounted equipment for 
transmitting and receiving data to and from an on-the- 
road equipment, preventing communication error after the 
start of communication. 

[Solving Means] The equipment comprises reception 
sensitivity-increasing means 14, 15, 40 for increasing 
the reception sensitivity in a communication area with 
the on-the-road equipment in response to the entrance 
into a communication start area with the on-the-road 
equipment, wherein the reception sensitivity-increasing 
means returns the reception sensitivity back to the 
normal reception sensitivity of before entering into the 
communication start area in response to the end of 
communication with the on-the-road equipment. 
[Selected Drawing] Fig. 1 
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